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Abstract
Grey-water intended for non-potable reuse is being intensively studied, but little attention has been given to the associated solid fraction, the grey-water sludge. In this study grey-water sludge originating from bathroom grey-water has been
screened with respect to organic matter; particles; short-chain fatty alcohols and acids; selected metals and basic parameters
as well as characterization of the organic matter content by oxygen utilization rate (OUR). The grey-water sludge contains
metal loads comparable to Danish sewage sludge, and it exceeds the Danish quality criteria for spreading on agricultural
land for cadmium and nickel. If dewatered and managed as soil it would be classified as ‘Class 3; polluted soil’ with respect
to cadmium, copper and nickel. The OUR results indicate that the grey-water biological sludge contains an equivalent
amount of readily degradable organic matter compared to municipal activated sludge. But it contains 35% more readily, and
90% more slowly, hydrolysable organic matter than municipal sludge.
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Introduction

Experimental

Grey-water, namely, domestic wastewater without input from
toilets and bidets, is an alternative water source for non-potable
applications, such as toilet flushing and ornamental irrigation,
after appropriate treatment. The development of grey-water
use is driven by environmental concerns such as mitigation of
resource depletion, adaptation to climate change and the desire
for a sustainable lifestyle. As such the pool of knowledge on
grey-water composition and flow has been expanded during
the first decade of the 21st century, especially with respect to
xenobiotic organic compounds (XOCs). However, little attention has been given to its corresponding solid compartment, the
grey-water sludge, which consists of semi-solid material which
has settled and precipitated in grey-water treatment systems.
In an urban context, many treatment and reuse systems discharge into the combined sewer system and are subsequently
subjected to treatment in municipal wastewater treatment
plants (WWTP), but in rural areas it may be disposed of on
land without any preceding sludge treatment. The information
regarding the composition of grey-water sludge available in
the literature is sparse if not non-existent. Thus, it is important
to characterise the grey-water sludge with respect to organic
matter, particles, nutrients, heavy metals, XOCs and microorganisms, in order to be able to determine the best available
practice for sludge management in both urban and rural contexts. The aim of this research was to screen the composition
of grey-water sludge derived from grey-water originating in
bathrooms (hand basins and showers), with respect to particulate and organic matter, nutrients and selected metals (cadmium
(Cd), nickel (Ni) and lead (Pb) as requested in the European
Water Framework Directive (WFD, 2000/60/EC) (European
Commission, 2000) as well as copper (Cu)).

Sampling site and sampling
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Samples were collected in a grey-water treatment plant located
in Copenhagen (Denmark), which utilises a treatment train
comprising a collection tank, a 3-stage rotating biological
contactor (RBC), a secondary settling tank, a sand filter, and a
UV-disinfection step before the treated water is collected in a
service water tank prior to application for toilet flushing. The
average daily demand is 5 to 6 m3 and feed water of potable
water is added to the service water tank covering 8% of the total
flow. The hydraulic retention time (HRT) of the whole plant is
29 to 33 hours (Eriksson et al., 2009). Three grab samples of
sludge fractions and effluent grey-water were taken, as well as
12 grab samples of the influent grey-water. Sampling locations
are shown in Table 1. Acid-washed equipment was used.
Table 1
Sampling locations and sample characteristics
descriptions
Description

Raw grey-water (whole influent)
Primary settled sludge
Dewatered primary settled sludge
Biological sludge
Secondary settled sludge
Sludge deposition in the service water tank
Effluent from the service water tank (whole effluent)

Abbreviation

A0
A1
SRS
B1
C3
ET
A7

Analyses
Dissolved oxygen (DO) and pH were analysed by calibrated
field-kit equipment (WTW Oxi 340i/SET and WTW pH330i
pH-meter). Organic matter, chemical oxygen demand (CODCr)
and biological oxygen demand (BOD5) were analysed according to standard methods (ISO 6060:1989 and ISO 5815-1:2003).
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